Fruits and vegetables are an essential part of the human diet, and several epidemiological studies show that the content of natural antioxidants, especially fl avonoids, may be benefi cial in protecting the human body against damage induced by reactive species. This is important for maintaining physiological redox equilibrium (1,2). These foods supply several antioxidants, such as ascorbic acid (vitamin C), tocopherols and tocotrienols (vitamin E), carotenoids (provitamin A), and several phenolic compounds (fl avones, isofl avones, fl avanones, anthocyanins and catechins) (3, 4 
Introduction
chemical reactions in plants caused by the activity of other active components, such as coumaroyl and malonyl co enzyme A. These changes contribute to the process of maturation and physical alterations of the vegetable matrix (5) .
Nowadays, the extraction and purifi cation of antioxidants from natural sources is required, since these bioactive substances are oft en used in functional foods, food additives and nutraceutical industries (3) . Even more, the principal objective in extracting phenolics from their plant sources is to liberate these compounds, either through rupturing plant tissue or a process of diff usion (6) . Overall, using these conventional methods may result in the degradation of some chemically sensitive phenols due to intensive mechanical disruption. The involvement of long extraction periods, severe heating conditions and extensive use of organic solvents favour the release of oxidative enzymes that promote degradation (7) . Diff erent chemical methods for extraction of polyphenols from food matrices have been applied in order to study the polyphenol content of food. Most of these methods use organic solvents with acidic pH and high temperatures during standardized times to optimize the extraction of compounds. However, these methods may have lower extraction efficiency (8) (9) (10) (11) and it is necessary to purify the obtained extract or remove interfering components in order to improve the antioxidant activity of the extract.
On the other hand, it has been shown that the amount of antioxidants extracted from food matrices through in vitro digestive enzymatic treatments that mimic conditions in the gastrointestinal tract was higher than the values obtained from usual extraction of organic compounds from aqueous solutions (12) . The determination of polyphenol content and antioxidant capacity of food extracts are also important to know the health potential of diff erent foods. Therefore, various methods have been developed to estimate the antioxidant capacity (13) (14) (15) and the results can elucidate the recommendations for food consumption.
Therefore, the aim of this work is to conduct an assessment of the polyphenol content and antioxidant activities of diff erent fruit and vegetable extracts using both chemical and in vitro digestive enzymatic extractions.
Materials and Methods

Reagents and samples
Folin-Ciocalteu reagent, sodium carbonate and pepsin were purchased from Merck (Darmstadt, Germany). The 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), ferric chloride, methanol, acetate and gallic acid were obtained from Fluka Chemicals Ltd. (Gillingham, UK). Pancreatin, lipase, bile salts, α-amylase and amyloglucosidase were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Fruits and vegetables (kiwi, pear, pumpkin, green apple, blackberry, raspberry, strawberry, blueberry, green and red peppers) were purchased from a local supermarket in Santiago province (Santiago, Chile). All fruits and vegetables were fresh and free from visible blemishes or defects, except for strawberry, which was purchased frozen. Natural kiwi, orange and green apple juices were obtained by squeezing and fi ltering fresh fruits and then used for analysis. Green apple with and without skin was studied. The skin to fl esh ratio was 1:8 (by mass).
Methanolic extraction
Approximately 1 g of each fresh fruit or vegetable was ground in a mortar to fi ne particles and put in 10 mL of methanol. Aft er 1 h of extraction with continuous magnetic stirring at 200 rpm and room temperature (20 °C), the extract was centrifuged at 1000×g for 20 min. The supernatant was recovered and stored at -18 °C until analysis. Extractions were performed in triplicate and light exposure was avoided during the process (9) . Extractions of juice samples (1 mL) followed the same methodology.
Enzymatic extraction
The enzymatic method was based on the methodology proposed by Saura-Calixto et al. (9) , which separated the process into two main parts: (i) enzymatically digestible fraction, and (ii) colonic fermentation in vitro.
This study was focused on the improvement of the fi rst stage of the process, where the action of digestive enzymes was simulated on a food matrix at gastric and small intestine levels. Briefl y, 900 mg of fruit or vegetable sample or 0.9 mL of fruit juice sample were incubated with 0.2 mL of pepsin (300 mg/mL solution in 0.2 M HCl/KCl buff er, pH=1.5, 40 °C, 1 h), 1 mL of pancreatin (5 mg/mL solution in 0.1 M phosphate buff er, pH=7.5, 37 °C, 6 h), and 1 mL of α-amylase (120 mg/mL solution in 0.1 M Tris--maleate buff er, pH=6.9, 37 °C, 16 h). Then, samples were centrifuged (for 15 min at 3000×g) and supernatants were removed. Residues were washed twice with 5 mL of distilled water, and all supernatants were combined. Each supernatant was incubated with 100 μL of amyloglucosidase for 45 min at 60 °C (13) . Both methanolic extracts and those obtained by extraction with digestive enzymes were used to determine the antioxidant capacity and polyphenol content in fruit and vegetable extracts and fruit juices.
Protein precipitation assay
Enzymatic extraction involves the use of several reagents, principally enzymes that could interfere with each other during the analysis of polyphenols and antioxidant activities. Therefore, in order to evaluate possible interferences during spectrophotometric analysis in Folin-Ciocalteu and FRAP tests, a control sample consisting of a mixture of all enzymes was treated with trichloroacetic acid (TCA) reagent to precipitate proteins. Thus, a volume of 1 mL of a control sample supernatant (or 0.05 mg of albumin used for calibration) was diluted in 12.5 mL of phosphate--buff ered saline (PBS) and 2.5 mL of TCA solution (60 %). The mixture was centrifuged at 10 000×g at 4 °C for 20 min. Protein quantifi cation, polyphenol content and antioxidant capacity of the supernatant (control samples) were analyzed before and aft er protein precipitation.
Protein quantifi cation
Protein concentration was determined by Bradford assay (16) . A volume of 200 μL of Bradford reagent diluted with deionized water (20 %) was added to 10 μL of the supernatant. The mixture was thoroughly agitated for 1 min using a vortex mixer, then incubated for 5 min at room temperature and the absorbance was measured at λ=595 nm. All analyses were performed in triplicate. Results were expressed as albumin equivalents in mg of albumin per mL of supernatant, using a calibration curve.
Determination of phenolic content
Total phenolic content of each extract was determined using the Folin-Ciocalteu reagent according to the method of Singleton and Orthofer (17) . A volume of 0.5 mL of Folin-Ciocalteu reagent previously diluted with distilled water (1:10) was mixed with 0.1 mL of each extract (methanolic or enzymatic). The solution was allowed to stand for 5 min at 25 °C before adding 1.7 mL of sodium carbonate solution (20 %). Then, 10 mL of distilled water were added to the mixture, and the absorbance was measured at λ=735 nm aft er 20 min of incubation with agitation at room temperature. Results were expressed in mg of gallic acid equivalents (GAE) per 100 g of fresh sample.
Determination of antioxidant capacity
Antioxidant capacities of the samples were determined using FRAP assay (12) . An aliquot of the samples (0.05 mL) was mixed with 1.5 mL of ferric TPTZ reagent (sodium acetate buff er 300 mM, pH=3.6, 10 mM ferric 2,4,6-tripyridyl-s-triazine) in a 20 mM FeCl 3 ·6H 2 O solution. Tubes were incubated for 4 min at 37 °C and the change in the absorbance was measured at λ=593 nm. The results of the antioxidant capacity of fruit extracts were expressed in mmol of Fe 2+ per 100 g of sample.
Generally, it is recommended to use more than one method for evaluating the antioxidant capacity of complex heterogeneous systems like foods, as the antioxidants may respond in a diff erent manner to diff erent radical or oxidant sources. Nevertheless, in this work antioxidant activity and polyphenol content, measured though FRAP and Folin-Ciocalteu methods, respectively, are the only two tools to obtain data for a comparative study between both extraction methods.
Statistical analysis
Each analysis was done at least in triplicate and the results were expressed as a mean value with standard devi ation (S.D.). Groups representing enzymatic and methanol extracts were compared using Tukey´s test. Relationships between variables were assessed by linear regression. The normal distribution of the variables was verifi ed by Shapiro-Wilk test. Statgraphics Plus soft ware package v. 2.1 (Statistical Graphics Corp., Rockville, MD, USA) was used in all statistical analyses.
Results and Discussion
Protei n precipitation results
Enzymatic extraction was modifi ed to avoid overestimation of results as a consequence of the use of the mixture of enzymes in this method (17) . Therefore, it was necessary to precipitate the protein before each analysis. The concentration of polyphenols and antioxidant activity of control samples (mixture of enzymes used in the enzymatic extraction) were measured before and aft er protein precipitation. Before protein precipitation, protein concentration in the control sample was determined to be (50±20) mg of albumin per L using Bradford assay. Polyphenol content of control sample before protein precipitation expressed as GAE was (100±1) mg per 100 g and aft er the precipitation it was reduced to (7±1) mg of GAE per 100 g. On the other hand, control sample had an antioxidant activity of (1.33±0.02) mmol of Fe 2+ per 100 g, which was reduced to (0.23±0.05) mmol of Fe 2+ per 100 g aft er the precipitation.
Polyphenol content of enzymatic and methanolic extracts
Polyphenol content of fresh fruit and vegetable extracts obtained using both extraction methods is shown in Table 1 . Polyphenol content of fruit and vegetable extracts obtained with enzymatic extraction was signifi cantly higher than that obtained with methanolic extraction (p<0.05). Concentration of polyphenols in black berry, raspberry, strawberry and blueberry fruits were very similar, although statistically diff erent, and their reduction was smaller (5-13 %) than aft er enzymatic extraction, while the reduction in other fruits and vegetables was 40-70 %. These results are in accordance with research studies that showed that proanthocyanidins, anthocyanins and condensed tannins present in berries were released less efficiently than other polyphenols at the gastric level and small intestine (18) . Another in vivo study indicated that polyphenols in berries may inhibit the enzymes involved in the hydrolysis of carbohydrates, such as α-amylase and glucose, reducing their release and absorption in the small intestine (19) . Nevertheless, the samples such as kiwi, green pepper, pear, green apple and pumpkin have shown the highest diff erence between both extractions; these samples extracted enzymatically had between 36 (12), which showed that the content of polyphenols and antioxidant capacity of cereals obtained with enzymatic extraction were signifi cantly higher than those obtained with a methanol extraction.
Some studies indicated that the release of dietary polyphenols is mainly determined by their chemical structure; such as its basic structure, molecular mass, degree of glycosylation and acetylation, conjugation with other phenols, degree of polymerization and solubility (21) . Moreover, it has been stated that the most important determinant would be the chemical structure of the glycoside and aglycone att ached to the diff erent food components (22) .
Antioxidant capacity of enzymatic and methanolic extracts
There was a good relationship between enzymatic and methanolic extractions in all fruits and vegetables. Some researchers have also found that high polyphenol content leads to high antioxidant capacity. In this case, the values of correlation between the concentration of polyphenols and antioxidant capacity were 87 and 93 % in enzymatic and methanolic extracts, respectively. A weaker correlation between polyphenol content and antioxidant activity is probably because the antioxidant activity is a result of a diff erent type of bioactive component with antioxidant activity, not only polyphenols, such as ascorbic, citric and ferulic acids, commonly present in fruit and vegetables.
The antioxidant activity of enzymatic extracts was signifi cantly higher (p<0.05) than that of methanolic extracts (Table 1) , except in the samples of kiwi, pear and red pepper fruits, which had the lowest values. This suggests that high values of antioxidant capacity could be due to enzymatic action, which contributed to the release of polyphenols, and consequently increased the antioxidant capacity (20) . Groups participating in the research of Spanish diet found that over 90 % of the antioxidant capacity was induced by the release of polyphenols from the food matrix, showing that the applied enzymatic method was very effi cient (15) . Nevertheless, the lower antioxidant activities of kiwi, pear and red pepper fruits might be due to the interaction with other food components that could have infl uenced the measured antioxidant capacity of these samples (23) . Moreover, every sample has a specifi c chemical composition based on various antioxidant components that determine its antioxidant mechanisms, activity and stability (24) . Table 2 shows the total phenolic and glucose contents, and antioxidant activity of apple extracts obtained using diff erent extraction enzymes. It is evident that enzyme-assisted extraction increased considerably the phenolic and glucose contents, especially when α-amylase and amyloglucan were added, which improves the extraction effi ciency. The high total phenolic content can be the result of degradation or enzyme-assisted extraction of the cell wall polysaccharides at low temperature.
Analysis of fruit juices extracted by diff erent methods
The polyphenol content and antioxidant capacity were higher in the juice samples extracted by enzymatic method (Table 3) , and statistically signifi cant diff erences were found between the extraction methods (p<0.05).
According to data in Table 1 , the antioxidant activity of kiwi fruit was higher in methanolic than in enzymatic extracts, while the contrary was found in kiwi fruit juice (Table 3 ). This diff erence between fruit and juice could be explained by the easier accessibility of enzymes in the juice medium.
In order to study the diff erences in polyphenol content and antioxidant capacity between fruit with and without skin, the green apple sample was used to evaluate both extraction methods (Figs. 1 and 2 ). There was a signifi cant diff erence in the polyphenol content and antioxidant capacity between the enzymatic and methanolic extracts of samples with and without skin (p<0.05). In the apple samples with skin an increase in polyphenol content of 44 and 66 % was observed in enzymatic and methanolic extracts, respectively. The same trend of antioxi- dant activity values was found in enzymatic extract, of approx. 25 % in samples with skin, but only 6 % in methanolic extracts. This could be explained by the location of polyphenols, which are found in greater amounts in the skin. In the apple, about 50 % of the antioxidant capacity is lost when it is peeled, mainly due to the loss of quercetin, a polyphenol present in the skin at a mass fraction of about 1 mg per g of fruit (25) . The results of enzymatic extraction facilitate the understanding of the benefi cial effect of enzymes on foods with high polyphenol content and antioxidant capacity.
Figs. 1 and 2 show that polyphenol content and antioxidant capacity of methanolic extracts did not correlate, which was already observed in previous works (13, 26) .
Conclusions
In this work, phenolic compounds from enzymatic and methanolic extracts of diff erent fruits, vegetables and fruit juices, and their antioxidant capacity were analysed. The enzymatic extraction clearly showed its eff ectiveness by enhancing the antioxidant capacity and polyphenol content of extracts. This technique off ers an opportunity to develop effi cient procedures for the extraction of valuable plant products with applications in the food industries. Also, the original enzymatic method was improved in order to avoid interference by protein residues found in the samples, which was accomplished by protein precipitation. 
